Abstract. To efficiently implement the image acquisition of gradient-index (GRIN) lens end, a new measurement installation has been designed. An improved median filtering method for light halo removal in the image is accordingly applied to the features extraction. A series of image processing methods for features extraction of defects are introduced in detail. In the method, the determination process of defects information is described abstractedly, including the area and their positions. Innovative experiment methods and promising results are presented in this paper.
Introduction
Recent years, a new type of optical lens, self-focus lens or GRIN lens [1] , has been developed, with its advanced functions such as imaging, collimating and focusing. It has been used widely in optics or other related fields. To measure the production quality is important and hard process in its production, and is generally based on the dimension and numerical measure of defects distributed on the face, such as scratches and smudge. It is generally completed on tool microscope or other optical instrument, relying on man's eye. There exist lower measuring precision and more manually operation in production testing of end face of GRIN lens.
With the development of technology, the application of GRIN lens is gradually increased. Scale production has the problems in measurement and control emerged recently. Analysis system making use of computer image processing to detect quality of the end face of GRIN lens has been reported recently [2] [3] . In practical application, however, the light halo in the image caused by the interaction from the inherent structure of GRIN lens and lighting system troubles the features detection in image processing. To decrease this kind of influence, a new measurement device has been designed and an improved median filtering method [4] is developed accordingly. To efficiently implement the defects feature extraction through image processing of GRIN lens end, a series of methods are also presented, including an optimal estimation of a circle closely around the object measured. The area inside the circle then is defined as the interested range. As this way, the experiment configuration and the promising processing results are presented in detail to show the efficiency.
Image Acquisition and Processing System
To accomplish the image processing for defects feature extraction, a new measurement installation and processing system have been designed as shown in Fig 1 and Fig 2. The measurement installation includes a series of collimation light source uniformly distributed roundly, CCD camera and cele-centric lens. The end face of GRIN lens fixed on a pneumatic holding arm which can revolve 180 o around its shaft, is lighted by the collimated beams produced by the light sources. A CCD camera is used to receive the image in a proper focal length, which transfers the image to the computer of image processing system. In this way, the satisfactory image is obtained and transferred to image processing system. The image processing system includes image acquisition and memory management, pre-processing, classification, feature extraction and information integration. The final result is exported through output device.
Typical images acquired are shown in the figure 3, in which (a), (b) and (c) are three kind of images with scratch, irregular fault area and chippings respectively. 
The Improved Image Processing Methods
From the imaging process, as shown in Fig.4 , it can be clearly seen that the image captured by CCD consist of two parts, the reflected image R and the lighting L. The resulting image can be represented as function (1). Sሺx, yሻ = Rሺx, yሻ * Lሺx, yሻ (1) Actually, halo parts produced by L(x,y) in an image are obvious, the area indicated respectively by dotted line in Fig.3 . To decrease the influence of the halation to feature extraction in further image processing, an improved median filtering method [3] has been developed and applied. The application process is shown in the figure 5, in which (a), (b) and (c) are three kind of images with scratch, irregular fault area and chippings respectively. The output images with label (e), (f) and (g) are the resulting images corresponding to the upper through the improved median filtering. It can be clearly seen that the information on features are enhanced and the affection of relative brighter grey level, the halation is weaken. Figure 6 . The defects features determination of GRIN lens end.
On the basis of the application of the median filtering, outline and form characteristics of the defects features on the images can be extracted easily through traditional image method. As shown in figure 6 (3), (4), (7), (8), (11) and (12), the outermost outline and the form of defects features are determined and labeled. Take (7) and (8) for example, the biggest defect area is 170.55(ߤ݉ ଶ ) and the coordinate of its form center are 1.21mm and 1.97mm through calculations. The origin of coordinate is on the top left corner of the image, as shown in Fig.6 .
Conclusions
Through detailed analysis of the characteristics of GRIN lens end image, a new measurement installation and processing system are designed. A series of improved image processing methods are developed and applied to determination of the defects features in these images. The experiment installation has been proved and pre-processing algorithm and classification procedure have been presented for experimental purpose. Promising experiment results show that the presented methods are effective.
